The aim of this study was to evaluate the efficacy of Twisted File (TF) Adaptive, Reciproc, and ProTaper Universal Retreatment (UR) System instruments for removing root-canal-filling. Sixty single rooted teeth were decoronated, instrumented and obturated. Preoperative CBCT scans were taken and the teeth were retreated with TF Adaptive, Reciproc, ProTaper UR, or hand files (n=15). Then, the teeth were rescanned, and the percentage volume of the residual root-canal-filling material was established. The total time for retreatment was recorded, and the data was statistically analyzed. The statistical ranking of the residual filling material volume was as follows: hand file=TF Adaptive>ProTaper UR=Reciproc. The ProTaper UR and Reciproc systems required shorter periods of time for retreatment. Root canal filling was more efficiently removed by using Reciproc and ProTaper UR instruments than TF Adaptive instruments and hand files. The TF Adaptive system was advantageous over hand files with regard to operating time.
INTRODUCTION
The success rate of the primary orthograde root canal treatment for teeth with apical periodontitis was reported as 74% 1) . Root canal retreatment and endodontic surgery are considered to be alternative modalities when primary orthograde root canal treatment fails 2) . Retreatment cases are aimed to remove root canal filling completely, to achieve effective disinfection prior to reobturation 3) , and several methods have been used for root filling removal, including hand files, rotary systems 4) , ultrasonic agitation 5) , and lasers 6) . Nevertheless, the complete removal of root filling material poses a challenge with regard to gain accomplishment in endodontic treatment.
Rotary nickel-titanium files have been used primarily for root canal enlargement and shaping, and their use for the removal of root canal filling has been increasing. Various rotary systems have been tested for their efficacy in the removal of gutta-percha during retreatment [7] [8] [9] [10] [11] [12] [13] . Furthermore, it has been reported that rotary systems are effective 7, 12) and less timeconsuming 10, 13, 14) in retreatment procedures. The ProTaper Universal Retreatment (UR) system has been widely used for root canal filling removal. This system involves three convex triangular cross sectioned files, each one for one-third of the root canal. The Reciproc is a novel single file reciprocating root canal instrumentation system that is primarily produced for preparation. Recent reports evaluating the guttapercha removal efficacy of the Reciproc system have demonstrated favourable results 13, 15) . The Twisted File Adaptive system, which has a triangular cross section, has recently been introduced into the dental market. This system uses continuous rotation or reciprocation, depending on the amount of pressure placed on the file. To the authors' knowledge, the literature shows no published studies evaluating the efficacy of TF Adaptive files for the removal of gutta-percha.
The clinical application of Cone Beam Computed Tomography (CBCT) in the field of endodontics is gaining popularity and spreading widely. CBCT is an easily applicable non-invasive clinical tool that provides threedimensional imaging and quantitative evaluation 16) . The clinical relevance of CBCT for the assessment of root canal filling removal has been shown previously 17, 18) . The aim of this study was to evaluate and compare remaining root canal filling material after reinstrumentation with Twisted File (TF) Adaptive (Axis/SybronEndo, Orange, CA, USA), Reciproc (VDW, Munich, Germany), and ProTaper UR system (Dentsply Maillefer, Ballaigues, Switzerland) instruments using CBCT imaging. The null hypothesis was that there would be no difference among the tested systems regarding the volume of the residual root filling material and operating time.
MATERIALS AND METHODS

Specimen preparation and root canal filling
The study protocol of this research was reviewed and approved by the Ethics Committee of Necmettin Sixty extracted single rooted teeth, without caries or previous endodontic treatment, were collected. The teeth were stored in a 2.5% sodium hypochlorite (NaOCl) solution for disinfection until further processing. They were then decoronated with a diamond disc under water cooling, leaving a root segment with a length of 16 mm to obtain standardization. The root canals were explored with a size #15 K-file (Mani, Tochigi, Japan) until the tip of the file was visible from the apex. The working length was determined by subtracting 1 mm from this length.
The root canals were enlarged with ProTaper files to size F4, and each root canal was irrigated with 1 mL of 2.5% NaOCl between each file, using a 27 gauge syringe. After instrumentation, the root canals were flushed with 17% EDTA (pH 7.3) (Merck KGaA, Darmstadt, Germany), followed by 2.5% NaOCl, for 5 min each. Then, the root canals were dried with size #40 paper points. All root canals were filled using the lateral compaction technique. Size #40 gutta-percha master cones were coated with AH Plus (Dentsply De Trey, Germany), and inserted into the root canal to the working length, while size #20 accessory gutta-percha cones were placed, using a finger spreader, to the point at which resistance was encountered. A heated excavator was used to remove the excess gutta-percha, and coronal access was sealed with Cavit (3M ESPE, St Paul, MN, USA). The specimens were then incubated for 4 weeks at 37°C with 100% humidity to allow complete setting.
All specimens were fixed in wax plates and scanned using CBCT (3D Accuitoma 170, Morita, Tokyo, Japan) for the preoperative morphometric evaluation. The following exposure conditions were carried out: 0.25×0.25×0.25-mm voxel size, 360° rotation, 90 kV tube voltage, 2 mA tube current, 30.8-s scanning time, and a field of view (FOV) of 40*40 mm.
Retreatment techniques
After the completion of the preoperative CBCT scanning, the roots were randomly divided into 4 groups (n=15). The 2 mm coronal part of the root canal filling material was removed from all canals with a #3 Gates glidden drill to facilitate the initial penetration of the files into the filling material. The following retreatment techniques were applied:
Group 1: TF Adaptive The ML2 and ML3 files were used sequentially with the TF Adaptive program of the motor.
Group 2: Reciproc
The root canals were reinstrumented with the Reciproc R50 instruments. The R50 file was used with the Reciproc all program of the motor. The file was introduced into the canal and moved in a slow in and out pecking motion. Gentle apical pressure and brushing action towards lateral walls were applied, as suggested by the manufacturer. Group 3: ProTaper UR The coronal third of the root filling was removed using a D1 rotary file. A D2 instrument was used in the middle third, and finally, a D3 instrument was inserted until the working length was reached. The files were used with 300 rpm, and the apical part of the root was shaped using ProTaper Universal instruments F4 and F5, respectively. Group 4: Hand Files The root canals were reinstrumented with Hedström files of size 40, 35, and 30 in quarter-turn and pulling motions. The apical parts of the roots were enlarged with K-files to size 50.
No solvent was used to facilitate the removal of the root filling, and irrigation was carried out with 1 mL of 2.5% NaOCl between each file for reinstrumentation. The Reciproc and ProTaper UR files were operated with a low torque motor (VDW Silver, VDW, Munich, Germany), whereas the TF Adaptive instruments were used with their own motor (Elements Motor, Sybron Endo, Orange, CA, USA). Reinstrumentation was completed when there was no evident filling material on the files. The operating time for the total retreatment was recorded (minus the irrigation and instrument changes), and the final irrigation was done with NaOCl. Then, each specimen was repositioned on a wax plate and scanned with CBCT using the same parameters (Fig. 1) . After image acquisition, the data was stored in a digital imaging communication in medicine (DICOM) file format, and imported into the biomedical DICOM viewer software, Aycan OsiriX PRO (Aycan Digital Systeme, Germany), installed on a MacBook Pro notebook. All images were assessed by two observers. Both of these observers had a minimum of 5 year experience in qualitative and quantitative analysis of CBCT images. Calibration of the observers was done by sending 5 random scans for volume estimation by using the Aycan Osirix software. Volumetric analysis was performed using sagittal slices. The region of interest (ROI) was outlined using the polygonal tool in all of the sections, and the OsiriX PRO was used to reconstruct and calculate the volume of the selected areas in mm 3 ( Fig. 2) . The measurements were performed twice, at two separate time intervals, to ensure reproducibility.
Statistical analysis
To ensure intra-observer consistency and reliability, the intraclass correlation coefficient (ICC) was calculated separately for each of the observers. The interobserver correlation coefficient (IOC) was used for both pre and postoperative root canal filling volume measurements to analyze interexaminer agreement.
The mean percentage volume of the remaining filling material was calculated with the following formula:
volume of residual root filling material ×100 volume of initial root filling material = volume % of residual filling material SPSS version 16 for Windows (SPSS, Chicago, IL, USA) was used for the statistical analysis, and the one- way ANOVA and Tukey HSD post-hoc test were used to compare the means of the residual root canal filling material. The significance level was set at 0.05.
RESULTS
The intraexaminer and interexaminer reliability was confirmed using ICC and IOC values. (For preoperative volume measurements, ICC value was 0,964 for observer 1 and 0,972 for observer 2. For postoperative volume measurements, ICC value was 0,948 for observer 1 and 0,954 for observer 2. The IOC values were 0,926 for pre and 0,914 for postoperative volume measurements).
The mean values and standard deviations of the percentage volume of the remaining filling material, after retreatment with different groups, and the total retreatment times in seconds are given in Table 1 . None of the techniques evaluated achieved complete removal of all filling material. The Reciproc and ProTaper UR groups showed less residual filling material (p<0.05), whereas the TF Adaptive and hand file groups revealed a higher percentage volume (p<0.05). There was no significant difference between the Reciproc and ProTaper UR groups, or between the TF Adaptive and hand file groups (p>0.05). Retreatment with the hand file group required significantly more time among all groups (p<0.05). Finally, the ProTaper UR system was less time-consuming than the TF Adaptive (p<0.05), with no significant differences between the Reciproc and ProTaper UR groups (p>0.05).
DISCUSSION
The complete removal of root canal filling material is of primary importance during retreatment procedures, because residual filling material negatively affects the activity of antimicrobial agents on the infected dentin, and damages the sealing of the root canal filling 19) . This study evaluated the amount of residual filling material after reinstrumentation with TF Adaptive, ProTaper UR, Reciproc, and hand files by using CBCT. Various methods have been described for the evaluation of the residual filling material: sectioning the roots longitudinally 15) , radiographic analysis 20) , and clearing techniques 12) . Given the fact that the volume measurement of the residual filling material is more accurate than the surface area measurement, CBCT is a preferable method for the assessment of retreatment. Recently, micro-CT analysis has been used for the aforementioned purpose 5, 14) . Ideally micro-CT has better resolution compared to CBCT and shows more accurate results regarding volume estimation. However, the aim of the present study was not to evaluate the accuracy, sensitivity and specifity of the CBCT method and all samples were also evaluated using same method. Besides considering the clinical feasibility, it is obvious that CBCT is more suitable when compared to micro-CT 18) . Root canal filling as a radiopaque material may cause artefact in CBCT however the artefacts can be negligible with proper machine settings and parameters of CBCT. Smaller voxel sizes and small FOV scans are preferable to minimise the presence of artefacts 21) as 0.25 voxel size and small FOV scan were used in the present study. Moreover metallic restorations which induce considerable artefacts 22) were not included in this CBCT study.
Chloroform is a commonly used and effective solvent for facilitating gutta-percha removal 23) , but its potential cytotoxic effects restrict its usage 24) . Additionally, such solvents may cause a thin softened gutta-percha layer on the root dentin walls, which leads to reduced cleanliness 8, 11) . Due to the non-advantageous properties of chloroform, no solvent was used in the present study.
To improve the apical cleanliness in retreatment cases, it has been suggested to complete final preparation with instruments of greater size than those used for the initial apical preparation 25) . Therefore, in the present study, the initial apical enlargement was performed to size F4 (tip size #40), whereas the final instrumentation size was #50 and equivalent among all groups (TF Adaptive, ML3; Reciproc, R50; ProTaper UR, F5 and Hand file, 50 K-file).
The present study revealed that the root canal filling was more efficiently removed using ProTaper UR and Reciproc files, with no significant differences between them. These findings corroborate the results of a recent report comparing the efficacy of a reciprocating system (WaveOne, Dentsply-Maillefer, Ballaigues, Switzerland) and ProTaper UR in retreatment, showing similarity between these two systems 26) . Our results are in consistent with the study of Rios et al. 15) who reported that the Reciproc system is as effective as ProTaper UR for the removal of root canal filling. The superior performance of the ProTaper UR files has been demonstrated previously 7, 8) , and the design feature of the ProTaper UR instruments involving cutting edges, flutes, varied taper, and varied lengths enables pulling the root filling material towards the orifice, therefore contributing to the removal of the obturating material 7, 8) . The ability of the Reciproc to remove the root filling has been researched previously 13, 27) ; for example, Zuolo et al. 13) revealed that it is more effective than rotary instruments in removing root filling. Fruchi et al. 27) demonstrated that the WaveOne and Reciproc instruments efficiently removed the root filling using micro-CT evaluation. The favourable results of the Reciproc instruments could be attributed to the double cutting edge and s-shaped design, which are conducive to higher cutting efficiency 28) . Additionally, the reciprocation motion and occurrence of greater contact area between the file and root filling may enhance the removal of the root filling 15) . Contrarily, Rödig et al. 14) reported no superiority of ProTaper UR and Reciproc over hedström files for the removal of root canal filling. The anatomical features of roots may be responsible for their different results, since they used curved root canals instead of straight root canals, unlike the present study. Additionally, the force applied on to the hedström files may varied between the operators and this operator-dependent factor may lead to different results.
The new concept of the rotary system TF Adaptive uses combined continuous rotation and reciprocating motion. The TF Adaptive has been reported to preserve the original canal shape, and has better centering ability 29) ; however, there are no reports on the effects in retreatment procedures. In this study, the cleanliness after retreatment with the TF Adaptive was less satisfactory than with the ProTaper UR and Reciproc (the TF Adaptive efficiency was similar to the hand files). The penetration of the TF Adaptive instruments into the root filling was quite difficult, probably due to the high flexibility of the file, which may result in the decreased removal of gutta-percha. Further research is needed to clarify the effectiveness of the TF Adaptive in retreatment.
The present study revealed that engine driven instruments are less time-consuming than hand files. Zuolo et al. 13) also reported that the Reciproc required less time than the hand file to perform retreatment. Additionally, Rödig et al. 14) showed that engine driven instruments were faster than hand files. However, there are previous reports which show that hand files require significantly less time than rotary files for the removal of gutta-percha 9, 12) . The usage of different rotary systems may be one of the explanations for the conflicting results.
CONCLUSION
Within the limitations of the present study, none of the techniques used could completely remove the root canal filling material. Reciproc and ProTaper UR were equally effective for the removal of root canal filling and both systems exhibited less residual root canal filling than TF Adaptive and hand files. TF Adaptive instruments required less time than hand files for retreatment procedure.
